The karyotype of the Australian crayfish Cherax destructor was studied by examining metaphase chromosome spreads from the testis tissues (TE) and the mitotic cells in division from the regeneration callus of the new forming limb (FL). The sampled tissues showed the same results. A total of 111 mitotic metaphases, 67 TE + 44 FL, were examined and the diploid chromosome number ranged from 179 to 207 per metaphase with a mode at 188, the latter being considered the diploid chromosome number (2n 5 188) of the species. The karyotype consisted of 70 metacentric, 42 submetacentric, 48 subtelocentric and 28 telocentric chromosome pairs. The sex chromosomes were cytologically indistinguishable.
INTRODUCTION
Although chromosome manipulation is an important practice for rearing purposes (see Nell et al., 1994; Khan et al., 2000; Benfey, 2001) , crayfish polyploidy manipulation has not yet been studied. In fact, few studies on the crayfish karyotype occur in the literature. Nevertheless, a large variability in chromosomal number was reported for other crayfish genera in previous studies (Table 1) . Crayfish are characterized by a high chromosomal number and variability even within the same genus and some species [compare Lécher et al., 1995 , vs. Pavlica et al., 2008 , for Astacus astacus (Linnaeus, 1758) , and Niiyama, 1959 , vs. Murofushi et al., 1984 , for Procambarus clarkii (Girard, 1852) ]. The main goal of the present study is to describe the karyotype of one of the most common species of crayfish farmed in Australia for the alimentary market (Lawrence and Jones, 2002) , Cherax destructor (Clark, 1936) , in order to participate in a stock improvement of cultured crayfish through polyploidy manipulation.
MATERIAL AND METHODS
The chromosomes were prepared from two different tissues, testis (TE) and mitotic cells in division from the regeneration callus of the new forming limb (FL). Two adult males of 56 and 61 mm in cephalothorax length (from the rostrum tip to the midline carapace end) from an exotic, self-sustained population recorded in central Italy by Scalici et al. (2009) were used. Both individuals were treated with a colchicine solution, in a ratio of 2.0 mg of colchicine per g of body weight prepared by dissolving 5 mg colchicine and 90 mg NaCl in 10 ml of distilled water. The colchicine was slowly administered into the intraperitoneal cavity at the base of the first pleopod pair in the smallest individual (SI) and at the centre of the third pereiopod pair of the biggest (BI), the latter having been deprived of the third right pereiopod one week before the treatment. After 6 h following colchicine injection, SI was sacrificed with an excess dose of MS-222 to collect the testis, while a fragment of tissue from the new forming limb from BI was collected. Both TE and FL tissue were sliced into 1-2 mm segments and given a hypotonic treatment (KCl 0.075M) for 459 and processed according to the Tan et al. (2004) protocol used for the redclaw crayfish Ch. quadricarinatus. We acquired images of mitotic metaphases by a digital camera mounted in a Nikon Eclipse 400 microscope with an oil immersion lens at 10003 magnification. Twelve were karyotyped for both TE and FL. Eventual differences between TE and FL were evaluated by the Kruskal-Wallis test (H) since datasets did not meet the requirements of a normal distribution (after assessment by the Kolmogorov-Smirnoff test). Both short and long arms of each chromosome were measured using the Image Tool software in order to calculate the centromeric index (CI) expressed as the ratio of the short arm length to the total chromosome length. The differences between TE and FL were evaluated by the Student's t test. We paired the chromosomes on the basis of the total length and the centromere position, and the homologous chromosome pairs were classified according to Levan et al. (1964) 
RESULTS
To determine the number of diploid chromosomes, a total of 111 (67 + 44 for TE and FL, respectively) mitotic metaphases were examined. Sex chromosomes were cytologically indistinguishable. The counts of chromosomes ranged from 181 to 200 per metaphase with a mode at 188 for TE (Fig. 1A) , and from 179 to 207 with a mode at 188 for LF (Fig. 1B) . The difference in the metaphase chromosome numbers between TE and FL was not significant (H (2,N5111) 5 8.99, P 5 0.65). The CI values varied from 0.02 to 0.49 mm for TE and from 0.01 to 0.50 mm for FL, based the mean of the ten best mitotic metaphases from both categories. No statistical differences were observed between the CI values of TE and FL testing with Student's t test on the entire sample (t 5 1.12, d.f. 5 110, ns). There were 35 pairs of M, 21 SM, 24 ST, and 14 T. Mean values (6 standard deviations) of each type of chromosome are shown in Fig. 2 . No significant differences were observed between TE and FL in each type of chromosome after pairwise t tests. The proposed diploid formula for Ch. destructor is 2n 5 188 5 70M + 42SM + 48ST + 28T. JOURNAL OF CRUSTACEAN BIOLOGY, 30(3): 528-530, 2010 
DISCUSSION
Since in karyotypical studies rapidly growing cells are required to obtain a large number of metaphase chromosome spreads, we used successfully 2 types of tissues: testicular tissue and pereiopod mitotic cells. The testis provides spermatogonia, spermatocytes, spermatids or spermatozoa in varying proportion depending on the stage of spermatogenesis. To obtain meiotic metaphases, unfortunately the animal's sacrifice is required, and this is an invasive method overall undesirable for use on vulnerable or threatened species. In this study we obtained the same results by using undifferentiated cells in rapid mitotic division present in the pereiopod corn near the coxa, avoiding to kill the crayfish. In this case, analyses were longer and interpretation more difficult. In fact, although the modes were equivalent, the chromosome number in the metaphases from pereiopod mitotic cells showed a wider range of chromosome number.
The protocol proposed by Tan et al. (2004) , and used in later studies (Chow et al., 1990; Xiang et al., 1994) , proved to be an excellent method for karyotype analysis because it is not only a source of meiotic metaphases but also a source of cells in mitotic division. Similar colchicine doses have effectively arrested dividing cells in metaphase in the testes of various crustacean species (see, for example, Hasegawa, 1981; Murofushi and Deguchi, 1983) or alternatively in fertilised eggs (Campos-Ramos, 1997) . However, effective doses may vary according to species (Hasegawa, 1981; Murofushi and Deguchi, 1983; Campos-Ramos, 1997) .
The number of diploid chromosomes in Ch. destructor is 2n 5 188 and the same result has been obtained from the two types of tissues as shown in Fig. 1 . Then the Australian crayfish has the same number of chromosomes as in Pr. clarkii (Murofushi et al., 1984) , a very related species of the family Cambaridae and similar to the cambarid Cambaroides japonicus (de Haan, 1842) (2n 5 196) (Niiyama, 1934) , and less than the congeneric Cherax quadricarinatus (von Martens, 1868) (2n 5 200) (Tan et al., 2004 ) and the astacid Pacifastacus leniusculus (Dana, 1852) (2n 5 376) (Niiyama, 1962) .
The present study is consistent with previous ones in suggesting that the range of variability in chromosome numbers among the three crayfish families (Astacidae, Cambaridae and Parastacidae- Table 1 ) is greater than in other decapods, such as in penaeid shrimps and palaemonid prawns. Some marine shrimp species of the genus Penaeus Fabricius, 1798 have 2n 5 88 diploid number (Xiang et al., 1994; Morelli et al., 1998) , and freshwater prawns such as Macrobrachium rosenbergii (De Man, 1879) (2n 5 118; Chavez Justo et al., 1991) , M. siwalikensis Tiwari, 1952 (2n 5 100; Mittal and Dhall, 1971) , and Palaemon lamarrei Milne Edwards, 1837 (2n 5 118; Vishnoi, 1972) show a lower chromosome number.
Our study not only adds information on the karyotype in Parastacidae, but also foresees the possible difficulty for polyploid manipulation in this species due to the large number of chromosomes. Although further studies are required in this field, in the opinion of the authors, the karyotypical analysis to investigate systematic relationship (Dana, 1852) 2n 5 376 Niiyama (1962) Procambarus clarkii (Girard, 1852) 2n 5 192 Niiyama (1959) Procambarus clarkii (Girard, 1852) 2n 5 188 Murofushi et al. (1984) Procambarus digueti (Bouvier, 1897) 2n 5 can also find a difficult application for studies on freshwater decapods.
